Objectives: To examine the association between socio-economic position (SEP) and diet, by assessing the unadjusted and simultaneously adjusted (independent) contributions of education, occupation and household income to food purchasing behaviour. Design: The sample was randomly selected using a stratified two-stage cluster design, and the response rate was 66.4%. Data were collected by face-to-face interview. Food purchasing was examined on the basis of three composite indices that reflected a household's choice of grocery items (including meat and chicken), fruit and vegetables. Setting: Brisbane City, Australia, 2000. Participants: Non-institutionalised residents of private dwellings ðn ¼ 1003Þ; located in 50 small areas (Census Collectors Districts). Results: When shopping, respondents in lower socio-economic groups were less likely to purchase grocery foods that were high in fibre and low in fat, salt and sugar. Disadvantaged groups purchased fewer types of fresh fruits and vegetables, and less often, than their counterparts from more advantaged backgrounds. When the relationship between SEP and food purchasing was examined using each indicator separately, education and household income made an unadjusted contribution to purchasing behaviour for all three food indices; however, occupation was significantly related only with the purchase of grocery foods. When education and occupation were simultaneously adjusted for each other, the socio-economic patterning with food purchase remained largely unchanged, although the strength of the associations was attenuated. When household income was introduced into the analysis, the association between education, occupation and food purchasing behaviour was diminished or became non-significant; income, however, showed a strong, graded association with food choice. Conclusions: The food purchasing behaviours of socio-economically disadvantaged groups were least in accord with dietary guideline recommendations, and hence are more consistent with greater risk for the development of diet-related disease. The use of separate indicators for education, occupation and household income each adds something unique to our understanding of how socio-economic position is related to diet: each indicator reflects a different underlying social process and hence they are not interchangeable, and do not serve as adequate proxies for one another.
papers 1 -3,11,12 . There is general agreement among these researchers that education, occupation and income are conceptually distinct, that their influence is transmitted by different social processes and, therefore, that they are likely to make separate and unique contributions to the health-related outcome being investigated. In relation to diet, education, for example, might influence food choice by facilitating or constraining one's ability to understand the information communicated in nutrition education messages or on food labels 13, 14 . Occupation may affect diet through work-based cultures and social networks 4 . Income reflects the availability of economic and material resources, and directly determines dietary quality by making healthy and nutritious food more affordable and readily accessible 15 -17 . The different pathways and processes linking education, occupation and income with diet also have policy and intervention implications. Income-related dietary differences suggest ameliorative responses through the redistributive potential of the taxation and welfare system, whereas differences based on education point to initiatives such as nutrition education programmes 11, 18 . Despite their importance, the use of socio-economic indicators by dietary researchers is characterised by a number of conceptual and analytical problems that ultimately hinder advances in knowledge about how and why SEP is related to diet. Firstly, few dietary researchers provide an explicit rationale or justification for their choice of indicator(s). Whilst it is acknowledged that indicator choice is sometimes constrained by data availability, when more than one indicator is at the researcher's disposal, rarely is the final choice based on conceptual or theoretical considerations. The implicit assumption that appears to be made is that different measures of SEP are interchangeable, and serve as proxies for the one phenomenon. However, this notion is challenged by the results of studies that examine correlations between different socio-economic indicators. Typically, correlations among education, occupation and income are weak to moderate in magnitude 11, 19, 20 . This suggests some shared association, but, more importantly, highlights the unique contribution of each indicator.
Secondly, while the majority of investigators use two or more indicators of SEP, most do not simultaneously adjust for the unmeasured effects of each indicator on the other 21 -24 . Two types of bias may result from this practice. First, if we examine the relationship between SEP and diet using a single indicator such as education, the point estimate (e.g. mean intake) may be biased because the education variable is allowed to account for some of the variation that is actually the product of unmeasured socioeconomic influences. As a result, our claims about the influence of education on diet might be overestimated. Second and relatedly, the use of a single socio-economic indicator may result in the overall or total socio-economic effect being underestimated. For example, some studies examining the relationship between SEP and food and nutrient intakes use a single socio-economic indicator and find only small intake differences between groups 7, 25 . If, however, multiple indicators were used and modelled simultaneously so that their independent associations with food and nutrient intakes could be accounted for, then it might be shown that the overall impact of SEP was larger than that previously estimated owing to the cumulative or additive effects of the different socio-economic measures. Indeed, a number of studies provide direct support for this 4, 26, 27 . In this paper, the nature and extent of association between education, occupation, household income and food purchasing behaviour are explored, using a single and then a multiple indicator approach. The analyses demonstrate the importance of conceptualising each measure as making a separate and unique contribution to diet. In addition, we highlight the analytical and interpretation problems that result from examining the relationship between SEP and diet using a single indicator and/or failing to take account of the variance shared by different indicators.
Methods
The data come from the Brisbane Food Study (BFS), which collected area-and individual-level information to examine the relative contributions of environmental and individual factors to socio-economic variability in food purchasing behaviour. Details of the scope and coverage of the BFS, and its research design, sampling and data collection methods, have been reported in more detail elsewhere 28 .
Sample design
The BFS used a stratified two-stage cluster sample, comprising 1003 households from 50 small areas, and achieved a 66.4% response rate.
Data collection
Data were collected by home-based face-to-face interviews conducted with the person in the household who was most responsible for food shopping. Interviews lasted approximately 1 hour and a small gratuity (AUS$10) was offered to offset any inconvenience associated with participation in the study. Given that females are typically responsible for a household's food shopping 29, 30 , they represented 78% ðn ¼ 786Þ of the final sample.
Measures of socio-economic position
The education measure pertains to the highest qualification completed since leaving school, and comprises four categories: bachelor degree or higher (bachelor degree, postgraduate diploma, masters, doctorate); diploma (associate, undergraduate); vocational (trade or business certificate, apprenticeship); and no post-school qualifications.
Occupation information was obtained by asking respondents their employment status at the time of the survey, and, if employed, they were asked their job title and to describe the main tasks and duties performed. This information was coded in accordance with the Australian Standard Classification of Occupations (ASCO) 31 . The ASCO is a skill-based measure that groups occupations according to levels of knowledge required, tools and equipment used, materials worked on, and goods and services produced. The occupational groupings are hierarchically ordered based on the relative skill levels across these different dimensions, with those occupations having the most extensive skill requirements located at the top of the hierarchy. For the purposes of this study, the original nine-level ASCO was re-coded into three categories: managers and professionals (managers and administrators, professionals and associate professionals); white-collar employees (clerical, sales and service); and blue-collar workers (trades, production workers, labourers). In other studies, this three-level indicator has been shown clearly to discriminate between occupation groups in terms of a range of health and social outcomes 32, 33 . An additional category, 'not in the labour force', was also created and included the retired, persons doing home duties on a full-time basis, the unemployed, those unable to work and students.
Household income information was obtained by asking respondents to estimate their household's total annual income (including wages, pensions, allowances and gratuities), and to report this using a single measure comprising 14 income categories. The original measure was collapsed into four income groups: AUS$52 000 or more; AUS$36 400 to 51 999; AUS$20 800 to 36 399; and less than AUS$20 799. Households in the bottom two categories received incomes at or below the Australian average in 2000 and those in the top two, above the average 34 . Table 1 presents the socio-economic characteristics of the BFS sample.
Food purchasing measures
Food purchasing behaviour was operationalised using three indices that measured the quality of people's grocery food choices (in terms of fat, fibre, salt and sugar contents), and the frequency and variety of fruit and of vegetable purchases. Grocery food purchasing was examined on the basis of 16 different food types, combined into an index; a detailed description of this measure has been provided in a number of other published studies 35, 36 . Briefly, respondents' food purchasing choices were classified into 'recommended' and 'regular' categories ( Table 2 ). The food items in the recommended category are those that health and nutrition authorities suggest are preferable choices to minimise risk for the onset of diet-related disease.
Purchasing patterns for each food type were then scored as follows: respondents never purchased the food (scored 0), they purchased the regular option exclusively (scored 1), they purchased a variety of food that included both the recommended and regular options (scored 2) or they purchased the recommended option exclusively (scored 3). The food types were then summed to form a food purchasing index and, using an approach described elsewhere 35, 36 , each respondent's index score was standardised on the basis of the number of food types that they usually purchased. The index was subsequently re-scored to range from 0 to 100 (mean 51.2, standard deviation (SD) 17.6, skewness 20.086), with high scores being indicative of greater compliance with dietary guideline recommendations.
Fruit purchasing information was elicited using a question that asked 'When shopping for fresh fruit, how often do you buy these types?' The respondent was instructed to include seasonal fruits, but exclude fruit juice, tinned fruit and dried fruit. The question item set consisted of 19 fruits selected from the food-frequency questionnaire used in the 1995 Australian National Nutrition Survey 38 . Respondents were asked to indicate their usual fruit purchasing pattern on the basis of five-point scales that ranged from never buy (scored 0) to always buy (scored 4). A fruit purchasing index was created by summing the items and scoring the measure to range from 0 to 100 (mean 50.7, SD 18.0, skewness 2 0.029), with higher scores indicating a wider variety and greater regularity of fruit purchase. Vegetable purchasing data were obtained using an identical format and method to that used for fruit. Respondents were asked to indicate how often they purchased 21 vegetables (including fresh and frozen, but excluding tinned or dried) using five-point scales. These were subsequently summed to form an index which was re-scored to range from 0 to 100 (mean 61.8, SD 15.2, skewness 2 0.461), with higher scores indicating a wider variety and greater regularity of vegetable purchase.
Analysis
All analyses exclude respondents with missing values for education, occupation or household income ðn ¼ 63Þ; and those who reportedly did not purchase fruit ðn ¼ 4Þ or vegetables ðn ¼ 2Þ: The final dataset, therefore, comprised persons who provided complete information on all three socio-economic indicators and food purchasing measures: grocery index ðn ¼ 940Þ; fruit index ðn ¼ 936Þ and vegetable index ðn ¼ 938Þ:
Data analysis was undertaken in two stages. First, the extent of association among education, occupation and household income was examined using age-and sexadjusted partial product moment correlation coefficients (Pearson's r ). Although each of the socio-economic indicators is measured at the ordinal level, when computing partial measures of ordinal association it is appropriate to utilise the formula for Pearson's correlation 39 . The SAS statistical package was used for these analyses 40 . Second, each of the socio-economic indicators was likely to share variation; thus a relationship between education and food purchasing, for example, was likely to be only partially capturing the direct impact of education per se. The relationship was also likely to be tapping the unmeasured effects of occupation and income. We estimated the magnitude of this likely confounding (and resultant spuriousness) using multiple linear regression. Thus, in the following tables, Model 1 represents the unadjusted effects of education, occupation and income on food choice. We then examined the relationship between SEP and food purchasing using a model that simultaneously adjusted for education and occupation (Model 2), and then for all three socio-economic indicators simultaneously (Model 3). The results of the regression analysis are presented as follows. For each socio-economic indicator, the 'high' group (i.e. bachelor degree or higher, managers and professionals, AUS$52 000 or more) are designated the reference group, and for these we report the age-and sex-adjusted mean food purchasing score. Values for the other socio-economic categories are unstandardised regression coefficients, which represent deviations (plus or minus) in food purchasing score relative to the reference group. The coefficients are presented with their 95% confidence intervals, and these represent the range of values that includes the 'true' difference in purchasing score between the reference group and the other categories of the socio-economic indicator. Regression coefficients with confidence intervals that are not inclusive of zero are significantly different from the reference group at the 0.05 level. For each regression model, goodness-of-fit is indicated using 38 , which indicated that the foods were readily available and consumed by a large proportion of the population. † Food options endorsed in dietary guideline publications and considered consistent with minimal risk for the development of diet-related diseases.
adjusted R 2 values. Tests for linear trend in food purchasing score across the categories of education and household income were also performed, and the P-values associated with these tests are presented with the regression results. P-values for tests of trend are not reported for the occupation measure, as 'not in the labour force' represented a non-ordered category for this variable.
Importantly, the two-stage cluster design of the BFS involved sampling small geographic areas that were relatively homogenous in terms of their socio-economic characteristics, and then selecting at random individuals from within each area. As a result, the food purchasing data obtained from those living in the same area was unlikely to be independent. If these data were treated as a simple random sample, and the clustering and associated data dependence ignored, then the standard errors for each socio-economic group would probably be underestimated, and the probability of incurring a type 1 error increased 41, 42 . When undertaking the multiple regression, therefore, we accounted for within-area clustering using a generalised estimating equations (GEE) analysis with independent working correlations, that produced food purchasing estimates for each socio-economic group, adjusted for age and sex. The SUDAAN statistical package was used for these analyses 43 .
As part of our analyses, we considered the possibility that the association between SEP and food purchasing behaviour would show a different patterning by gender. This, however, proved to be somewhat the exception rather than the rule. Overall, the socio-economic patterning was similar for males and females, although the results suggested that occupation was a better dietary discriminator for men (an issue returned to in the Discussion). Given this, and to economise on space, we present the results of a combined analysis.
Results
The Tables 3-5 shows the unadjusted effects of each socio-economic indicator on the purchase of grocery foods, fruit and vegetables, respectively. Education and household income were significantly associated with all indexes. As the P-values for test of trend indicate, these relationships often showed a graded pattern across the levels of each socio-economic group, with the least educated and residents of low-income households being less likely to have a purchasing profile consistent with healthy food purchasing messages. Occupation was significantly related with the grocery index, and nonsignificantly associated with fruit and vegetable purchasing. The magnitude of difference in index score across the levels of each socio-economic indicator suggests that household income was the strongest unadjusted predictor of food choice. The results for Model 2, which represents food purchasing scores simultaneously adjusted for education and occupation, show a reduction in the magnitude of effects of these socio-economic indicators on food choice when compared with those found prior to adjustment (Model 1), although the overall patterning of results remained the same. Education influenced purchasing behaviour independent of occupation for all three food indexes, whereas occupation was independently associated only with grocery purchasing. Simultaneous adjustment for all three socio-economic indicators further reduced the impact of education and occupation on food purchasing behaviour (Model 3): as indicated by the 95% confidence intervals, independent effects were now found only between education and grocery purchasing (Table 3 ) and occupation and fruit purchasing (Table  4) . No significant (independent) effects were observed between education, occupation and vegetable purchasing after simultaneous adjustment for each socio-economic indicator (Table 5 , Model 3). Household income, however, remained robust in its relationship with food purchasing after adjustments for education and occupation. Independent graded associations were observed between household income and the purchase of grocery foods and fruit and vegetables, with those in low-income households being least likely to exhibit a purchasing pattern consistent with nutrition messages. The attenuation of household income's relationship with grocery purchasing for Model 3 (Table 3) suggests that, prior to adjustment, this socioeconomic indicator was also encapsulating the unmeasured effects of education and occupation on choice of this food type. Conversely, the strengthened association between income and fruit purchasing after adjustments for education and occupation (Table 4 , Model 3) points to the likely suppressor effect of these socio-economic indicators in terms of obfuscating the underlying links between income level and fruit choice. Values for the other socio-economic categories are unstandardised regression coefficients, which represent average deviations (plus or minus) in fruit purchasing score relative to the reference group. § 95% confidence interval. Regression coefficients with confidence intervals that are not inclusive of zero are significantly different from the reference group at the 0.05 level. Example: in Model 1, for those with no post-school qualifications, we can be 95% confident that the interval 2 6.5, 2 1.6 includes the 'true' difference in fruit purchasing score for this group relative to the reference group. In other words, the score for the least educated lies somewhere in the range 46.2 -51.1. { P-values for test of trend were not reported for the occupation measure, as 'not in the labour force' represented a non-ordered category for this variable.
Discussion
Our review of the diet-related literature showed that few researchers provide an explicit rationale or justification for their choice of socio-economic indicator. Moreover, many researchers seemingly make the unstated assumption that each indicator is tapping a similar underlying construct (i.e. they are surrogates) and can hence be used interchangeably. This is reflected in studies that investigate the relationship between SEP and diet on the basis of a single indicator even when other indicators are reported by the authors as being available 44, 45 . The interchangeability assumption is also evident in studies that employ more than one measure of SEP, but use each separately, and therefore fail to take account of the covariance that exists between different measures 21 -24,45,46 . As outlined in the introduction, these common practices in the treatment of SEP are likely to produce biased estimates for individual indicators, and hence misstate the overall degree of dietary differences between socio-economic groups 47 . The findings of this present study challenge some of these current practices and assumptions about the conceptualisation and use of SEP in dietary research, and, therefore, suggest ways of minimising the types of bias discussed earlier. As part of our analyses, we explored the hypothesis that education, occupation and household income each uniquely contributes to food purchasing behaviour, thus providing indirect support for the notion that each reflects a different underlying process. A correlation analysis found that the three socio-economic indicators were weakly to moderately related, which, while suggesting some shared association with purchasing behaviour, more importantly highlighted the likely substantial separate contribution of each indicator to food choice.
The second stage of this study's analysis used linear regression to examine the independent contribution of each socio-economic indicator to purchasing behaviour. The findings for Model 1, which pertained to the effects of education, occupation and household income unadjusted for each other, showed that each indicator was significantly related to one or more of the food indices. This initial analysis, however, took no account of the fact that the three socio-economic indicators were correlated, and hence the regression coefficients were likely to have been biased. This was supported by the findings of Model 2, which simultaneously adjusted for education and occupation, resulting in a substantial attenuation of the regression coefficients for these indicators when compared with those generated for Model 1. Therefore, had this study relied solely on the results of Model 1 to assess the relationship between SEP and food purchasing, we would have misstated our claims about the influence of education and occupation on food choice. This in turn would have led to somewhat distorted conclusions, with consequent negative implications for the end-users of the information, such as developers of healthy eating messages. Previous studies have suggested that education is the most stable indicator of SEP as it captures processes that occur early in life and that tend not to change over time 1 . The relationship between education and diet is presumed to reflect a person's ability (or otherwise) to access and interpret health-related information 4 . Occupation has been used in a number of dietary studies, and, like in this present investigation, it is often reported that respondents in blue-collar (manual) occupations have dietary profiles that are least consistent with recommended practices 7,25 -27,45,46,48 . Occupation is believed to influence dietary behaviour partly via workplace cultures and social networks 4 . However, the use of occupation in dietary research is beset with a number of problems 1 -3 , two of which may have contributed to the mixed findings for occupation reported in this study. Firstly, our decision to interview the person in each household who was primarily responsible for food purchasing resulted in a final sample that was 78% female. Traditionally, occupation-based measures have been developed and operationalised using employed males 1, 3 . However, in light of evidence showing that these occupation measures produce less consistent results for women 27 , their appropriateness for use with employed females is being questioned 1, 3 . Secondly, occupation measures cannot be reliably used for social groups outside the paid workforce, such as the unemployed, full-time homemakers, the retired, students and those in informal sectors of the economy 1 . In this present study, 44.4% of the sample were classified as 'not in the labour force' (partly reflecting the large proportion of females), and given the heterogeneity of this group it may have attenuated the occupation effect, and certainly presented problems with interpretation.
The regression analysis showed household income to be the strongest and most robust independent predictor of food purchasing behaviour, which is not too surprising given the now well established links between economic and material resources, food availability and dietary quality 15, 16, 49 . By contrast, the effects of education and occupation on food purchasing were substantially attenuated (to non-significance or marginal significance) after adjustments were made for household income. A number of factors might have contributed to this, including extraneous confounding and misclassification bias. The continued strength of association between income and food purchasing after adjustment for education and occupation might also be due to income and purchasing being measured at the same level (i.e. household). The specificity of this relationship, therefore, was greater and more direct than between education, occupation and purchasing, which were measured at different levels (i.e. individual and household). Associations between education, occupation and purchasing presumably reflect each respondent's own (individual) contribution to food choice for the household, whereas household income was possibly capturing the combined contextual effects of numerous individuals, as well as many other within-household processes, and thus showed a stronger relationship with purchasing.
The main substantive finding of this study was that people from socio-economically disadvantaged backgrounds were less likely to buy grocery foods that were high in fibre and low in fat, salt and sugar. In addition, the least educated, those employed in blue-collar jobs and residents of low-income households purchased fewer types of fresh fruit and vegetables, and less regularly, than their counterparts from more advantaged backgrounds. A number of factors probably account for these socioeconomic differences in diet. Health promotion efforts aimed at encouraging the adoption of a healthy diet may have been more successful with socio-economically advantaged groups. This interpretation is consistent with conclusions reached by researchers examining the relationship between SEP and other health-related behaviours and outcomes 50, 51 . Our results also possibly reflect the greater structural, material and economic difficulties faced by disadvantaged groups when procuring food. Low-income groups, for example, have been shown disproportionately to live in areas where there are fewer large supermarkets 52 . As a consequence, these groups are more reliant on smaller shops, which typically stock a limited range of foods, their food prices are often higher than in large supermarkets, and fresh food is often of a lesser quality 17, 53 . Disadvantaged groups may also experience greater difficulties obtaining access to large (and distant) shopping facilities because they lack private transport, or live in areas where public transport is inadequate or non-existent 15, 29 . Furthermore, foods that are recommended in dietary guideline health promotion messages might be too expensive for economically disadvantaged groups 16, 17 . It is also important to note that the socio-economic differences reported in this paper were based on a response rate of 66.4%. We know from previous research into survey participation that population-based samples typically under-represent the most socio-economically disadvantaged and over-represent the advantaged 54 . Thus the socio-economic differences in food purchasing choice presented here, while significant, are likely to be an underestimate of the 'true' magnitude of socio-economic differences in food choice in the Brisbane population.
In summary, the findings of this study suggest that education, occupation and household income are distinct socio-economic constructs, with different conceptual underpinnings, that reflect influences operating at different levels; for these reasons, the measures are not conceptually interchangeable. Researchers should therefore, when possible, use a number of socio-economic indicators as part of their analyses, as each tells us something different about how SEP influences diet. In addition, where appropriate, or when sample sizes permit, measures of SEP should be modelled in a way that enables their independent contribution to dietary behaviour to be estimated accurately. Our understanding of the relationship between SEP and diet is likely to be improved as a result.
